. The conserved sequence motifs BacA1 (residues 16-33) in the N-terminal repeat and BacA2 (residues 160-207) in the C-terminal repeat are indicated by red boxes. Secondary structure is shown above and below the aligned sequences of the N-and Cterminal repeats, respectively. The majority of the high sequence conservation is contained within the two repeats of the two re-entrant helices h1-h2 and h6-h7. Residue numbering is taken from E. coli. 
Supplementary Figure 3 | Type I crystal packing.
BacA crystal packing is of the layered Type I variety. Type I packing is a hallmark of membrane protein crystals grown by the in meso method. BacA is shown in cartoon representation and rainbow colored from N-to C-terminus. Lipid (monoolein) molecules are shown as spheres with carbon and oxygen atoms colored white and red, respectively. Within layers, crystal contacts include protein-protein and protein-lipid interactions. Between layers, contacts are strictly of the protein-protein type.
Supplementary Figure 4 | Co-evolutionary analysis.
Predicted residue contact pairs mapped onto the (a, c, e) X-ray structure and (b, d, f) the inverted-state model of BacA. Residue pairs were predicted through co-evolution analysis of the 14,369 non-identical metagenomics sequences homologous to BacA. Pairs of residues that have a Cα distance of less than 10 Å are identified by a green connecting line. Predicted contacts that are greater than the 10 Å threshold are joined by a red line. Interestingly, the predicted contacts longer than 10 Å in the crystal structure, in particular in (a) and (c), indicate the potential conformational closure of both the periplasmic opening and membrane fenestration. tan) . The light blue background represents the membrane. Rotation axis about which final folding occurs to bring the two domains together is indicated by the dashed line. Domain 2 consists of contiguous helices and is the first of the two domains to form. As soon as the synthesis of the components of domain 1 is completed and domain 1 assembles it folds over to pair with domain 2 creating an enclosed active site where the two re-entrant loops come together toward the bilayer mid-plane. The paired domains are stabilized by Arg261 (yellow star) on H10 engaging with backbone carbonyls in H5 and the re-entrant loops (Supplementary Fig. 9 ).
